Knowledge of an HIV-infected individual's sexual behaviors and routine sexually transmitted diseases (STDs) testing greatly facilitates HIV prevention efforts, but current data in older individuals are lacking. This study was developed to compare sexual behaviors and STD prevalence between older HIV-infected individuals and their younger counterparts. We conducted a cross-sectional cohort study of HIV-infected individuals ]18 years who completed an annual behavioral assessment. A total of 541 individuals completed the assessment. Analyses were performed to examine differences in sexual behaviors and STD prevalence between age groups: younger (18Á35 years) (30%), middle-aged (36Á49 years) (46%), and older (]50 years) (24%). Older individuals were most likely to be male and Caucasian with longest time since HIV diagnosis, greatest receipt of highly active antiretroviral therapy (HAART), and highest rates of HIV RNA B50 copies/mL (all p B0.001). Reports of recent sexual activity decreased with age, younger (56%) vs. middle-aged (43%) vs. older (27%) ( p B0.001). The median number of recent sex partners was one (range 1Á25) and 68% overall reported using condoms consistently; these parameters did not differ by age group. STD prevalence was 8% (gonorrhea [9], chlamydia [7], and syphilis [20]) and was highest among younger individuals (younger [11%] vs. middle-aged [7%] vs. older [3%]). Our results demonstrated that with older age, sexual activity declines but inconsistent condom use remains commonly reported. Furthermore, STDs were identified among all age groups. This latter finding reinforces the need for secondary prevention efforts among all individuals living with HIV/AIDS.
Introduction
At present, over 1.2 million Americans are living with HIV/AIDS. By 2015, the Center for Disease Control (CDC) estimates that one in two HIV-infected individuals will be 50 years (Centers for Disease Control and Prevention [CDC], 2003) . This demographic shift reflects not only the improved life expectancy in the era of highly active antiretroviral therapy (HAART) (Antiretroviral Therapy Cohort Collaboration, 2008) , but also newly acquired HIV infection among individuals 50 years (15% of annual cases) (CDC, 2003) . Of the annual estimated 56,000 new cases of HIV infection (CDC, 2008) , the majority are transmitted by unprotected sexual encounters (Marks, Crepaz, & Janssen, 2006) . Hence, secondary prevention efforts among individuals already established in care are vital (CDC, 2003) .
Knowledge of sexual behaviors among individuals with HIV infection and routine testing for sexually transmitted diseases (STDs) greatly facilitates HIV prevention efforts (CDC, 2003; Fleming & Wasserheit, 1997) , but current data in older indivi-duals are lacking. Previous studies have recruited sexually active older HIV-infected individuals; their findings confirm that a large proportion (32Á100%) report recent sexual activity, including high-risk sexual behaviors (Cooperman, Arnsten, & Klein, 2007; Illa et al., 2008; Lovejoy et al., 2008) . Reports of inconsistent condom use ranged from 20 to 42% and were associated with low sexual power, psychiatric disorders, higher levels of education, use of erectile dysfunction agents, and alcohol consumption (Cooperman et al., 2007; Illa et al., 2008; Lovejoy et al., 2008) . These studies, however, have been limited by absent data on STD diagnoses, a surrogate for unprotected sexual activity. While high-risk sexual behaviors are known to occur across all age groups (Cooperman et al., 2007; Dodds, Mercey, Parry, & Johnson, 2004; Illa et al., 2008; Lovejoy et al., 2008; Overton, Shacham, Singhatiraj, & Nurutdinova, 2008; Rowniak, 2008) , direct comparisons have not been made across different age strata of HIV-infected cohorts. Furthermore, as these studies have only recruited sexually active older *Corresponding author. Email: nonen@dom.wustl.edu HIV-infected individuals, their results may not reflect overall population risk.
HIV infection often alters sexual behaviors. For instance, some individuals report not being sexually active after HIV diagnosis (Siegel & Scrimshaw, 2003; Weinhardt & Carey, 1999) ; and sexual activity has been found to be negatively impacted by comorbidity (Clayton & Ramamurthy, 2008; Neundorfer, Braudy Harris, Britton, & Lynch, 2005; Zemishlany & Weizman, 2008) ; and other gynecological and urological age-related issues (Feldman, Goldstein, Hatzichristou, Krane, & McKinlay, 1994; Lindau et al., 2007) . Older sexually active HIV-infected individuals may also be more resistant to behavioral changes that reduce their high-risk behaviors (Maes & Louis, 2003) . We conducted this study to determine rates of recent sexual activity, associations with highrisk sexual behaviors, and STD prevalence among a cohort of older individuals living in the current era of HIV-related care and to compare these variables to results from younger and middle-aged HIV-infected counterparts.
Methods

Study population
This was a cross-sectional study of individuals ]18 years of age, attending for routine HIV-related care at an outpatient Infectious Diseases clinic between June and December 2008. Individuals included in the study comprised a sample who had completed an annual standard of care behavioral assessment administered by trained interviewers, while in the clinic. The annual behavioral assessment took approximately 10Á15 minutes and included, in part, sociodemographic factors (race/ethnicity, employment status, and annual income), a revised version of the Risk Behavior Assessment (Needle et al., 1995) , which was used to measure units of alcohol consumed during a typical week, illicit drug use within the last week/30 days/12 months/ever, sexual behaviors (current sexual relationship, recent sexual activity, condom use, type of sexual encounter, and number of sexual partners), and details on disclosure of HIV status (sex partner, family, friends, and others). This study was approved by the Washington University School of Medicine Human Research Protection Office.
Data collected and definitions
Baseline HIV, clinical and medication data were collected. Standard opportunistic illnesses (OI) definitions were used (Castro et al., 1993) . Comorbidity is a history of two or more chronic diseases or conditions. Comorbid conditions recorded included cardiovascular diseases, diabetes mellitus, psychiatric illnesses, chronic viral hepatitis, chronic renal failure, peripheral neuropathy, respiratory disease, and malignancy (both AIDS and non-AIDS defining). Cardiovascular diseases encompassed hypertension, coronary artery disease, myocardial infarction, congestive cardiac failure, and cerebrovascular disease. Psychiatric illnesses included depression, anxiety, bipolar disorder, and schizophrenia. An antidepressant was any drug used to treat depression. HAART was defined as the use of ]3 antiretroviral drugs that included a protease inhibitor or a non-nucleoside reverse transcriptase inhibitor. Viral suppression was defined as HIV RNA B50 copies/mL. Results of bacterial STD testing within one year of the standard of care assessment, current CD4' count, and current HIV RNA level were also obtained. A complete bacterial STD screen included results of urine DNA amplification for Neisseria gonorrhoeae and Chlamydia trachomatis and rapid plasma reagin (RPR) in the past year. Treponema pallidum antibody testing was performed for confirmation of newly reactive RPRs. If an individual had been previously treated for syphilis, a fourfold increase in RPR defined re-exposure. For the purpose of analysis, race was dichotomized to racial minorities (African or African-American, Latino or Hispanic, Biracial or Multiracial, Asian or Asian-Americans) vs. Caucasian. Current sexual relationship status was dichotomized: no sex partner (not in a current sexual relationship) or one or more partners (in a current sexual relationship). Any sexual activity included vaginal or anal sex. Recent sexual activity was in the last three months. Type of sexual encounter was men who have sex with men (MSM), heterosexual, or bisexual during the last three months (as measured by the number of same sex or opposite sex partners). For the purposes of analysis, type of sexual encounter was stratified by MSM and bisexual vs. heterosexual categories. Consistent condom use was always using condoms during vaginal or anal sex in the last three months and inconsistent condom use was any other response. Condom use was also reported for the last episode of anal or vaginal sex.
Statistical analyses
Participants were divided into age groups: younger (18Á35 years), middle-aged (36Á49 years), and older (]50 years). Differences between groups were compared using ANOVA. Separate analyses for associations with recent sexual activity, consistent condom use, condom use during the last episode of anal or vaginal sex, and STD prevalence were performed. Dichotomous groups were compared using Chi-square and Fisher's exact tests, while Student's t-test and MannÁWhitney U-test were used for normally and non-normally distributed, continuous variables, respectively. All p values were two-tailed and considered significant at p B0.05. Based on initial univariate analyses, potential associations were further evaluated using multivariate logistic regression analyses. HIV RNA values were log-transformed for analysis. All analyses were performed using SPSS version 16.0.
Results
A total of 616 individuals were asked if they wished to complete the annual behavioral assessment, however, 75 declined. Table 1 details sociodemographic, clinical, and laboratory characteristics of 541 individuals who completed the survey. One hundred and sixtyfive (30%), 248 (46%), and 128 (24%) individuals were younger, middle-aged, and older with a mean age of 28 years, 43 years, and 55 years, respectively. Older individuals were more often male and Caucasian (both p B0.001). They were also less likely to have recently used illicit drugs than younger individuals and consumed less alcohol than middle-aged individuals (both p00.01). Predictably, overall comorbidity was greatest among older individuals, who had the highest prevalence of cardiovascular comorbidity (18% younger vs. 40% middle-aged vs.
53% older), more psychiatric comorbidity (29% younger vs. 37% middle-aged vs. 47% older), and chronic viral hepatitis (1% younger vs. 20% middleaged vs. 20% older) than younger patients (all pB0.05). A history of malignancy did not differ between groups. Older individuals were also most likely to be on an antidepressant (both p B0.001). Compared to younger and middle-aged individuals, time since HIV diagnosis was longest for older individuals (5 years vs. 9 years vs. 11 years, respectively), who also had the greatest receipt of HAART and highest rates of viral suppression (all p B0.001). The overall median CD4' count was 439 cells/mm 3 and was similar between groups.
Table 2 details sexual behavior and STD testing and prevalence characteristics according to age group. Older individuals were less likely to have disclosed their HIV-infection status to someone and least likely to be in a current sexual relationship (both pB0.05). Reports of recent sexual activity decreased with age (56% younger, vs. 43% middle-aged vs. 27% older) ( p B0.001). By univariate analysis, associations among individuals who reported sexual activity within the past three months, included Caucasian race, female gender, being in a current sexual relationship, any disclosure of HIV infection status, current illicit drug use, higher alcohol intake, and higher current CD4' count (all p B0.05). Overall, complete STD screens were available for 454 (84%) individuals, in the entire cohort, and were positive in 36 (8%). Among those 36 individuals who had STD, 44% had not reported recent sexual activity. Syphilis was the most common STD diagnosed (20 cases), followed by gonorrhea (9 cases), and chlamydia (7 cases). Performance of bacterial STD testing was similar between age groups, while STD prevalence was higher among younger individuals compared to older individuals (11% younger vs. 3% older) ( p 00.02). Risk factors for STD by univariate analysis included, non-Caucasian race (31% racial minority vs. 14% Caucasian) and higher weekly alcohol intake (5 units vs. 2 units, p00.003) with no independent association on multivariate analysis. Other sociodemographics, disclosure of HIV status, illicit drug use, comorbidity, and HIV and HAARTrelated factors were not associated with consistent condom use or STD prevalence. Furthermore, type of sexual encounter was not associated with consistent condom use.
Discussion
Our study illustrates that HIV-infected individuals, much like the general population, remain sexually active in later life (Lindau et al., 2007) . Despite ongoing secondary prevention efforts, consistent condom use remains a challenge for all age groups. This latter finding is critical as the ramifications of unsafe sexual practices are acquisition of STD (we identified a STD prevalence of 8%), and the risk of ongoing HIV transmission. Failure to utilize safer sex measures have been associated with a number of risk factors for low sexual power: MSM sexual orientation (Lovejoy et al., 2008) , female gender (Lovejoy et al., 2008) , and medical and mental health comorbidity (Gomez & Van Oss Marin, 1996; Illa et al., 2008; Pulerwitz, Amaro, De Jong, Gortmaker, & Rudd, 2002) . Furthermore, entrenched sexual practices (Gorbach, Drumright, Daar, & Little, 2006; Maes & Louis, 2003) , alcohol and illicit drug use (Booth, Kwiatkowski, & Chitwood, 2000; CDC, 2000) , and receipt of HAART (CDC, 2003; Katz et al., 2002) may also contribute to inconsistent condom use. Lower rates of sexual activity and lower consumption of alcohol and illicit drug use among older individuals may have offset the contribution of factors associated with higher risk sexual behaviors. Regardless, the finding of inconsistent condom use among all individuals underlines the importance of routinely discussing individually tailored HIV/STD prevention strategies (CDC, 2003) and determining causes of higher-risk sexual behaviors, if present, among those in care. Referral to appropriate substance abuse services, utilization of age-appropriate safer sex education resources, and regular STD testing also facilitate secondary prevention strategies (CDC, 2003; Fleming & Wasserheit, 1997) . Bacterial STD testing in our study was complete for the majority of individuals. STD prevalence was greatest among younger individuals and associated with non-Caucasian race and higher alcohol intake but there was no independent association. Older HIVinfected individuals may be having less frequent sexual encounters compared to younger counterparts. The finding of STD among individuals who had not reported any recent sexual activity may be due to STD acquisition through sexual activity which occurred more than three months prior to assessment and strengthens recommendations for routine, regular STD testing in HIV outpatient clinic settings.
Reports of any recent sexual activity among our cohort overall and our older individuals, in particular, were lower than those reported in other studies (Burman et al., 2008; Illa et al., 2008; Lovejoy et al., 2008) . Differences in our findings may have been due to differences in study design (Cooperman et al., 2007; Illa et al., 2008) , lower numbers of individuals in current sexual relationships (Katz et al., 2002) , and different study populations (Lovejoy et al., 2008) . Our study found sexual activity to decline with age, a well-described phenomenon, which often has multifactorial etiologies including partner availability (Lindau et al., 2007) , relationship satisfaction (Laumann, Das, & Waite, 2008) , social isolation, bereavement plus perceived ageism, and stigmatization (Emlet, 2006a (Emlet, , 2006b . The presence of physical and medical illness can also impact sexual function (Clayton & Ramamurthy, 2008; Mota, Cox, Katz, & Sareen, 2009; Neundorfer et al., 2005; Zemishlany & Weizman, 2008) , and was a factor independently and negatively associated with recent sexual activity. HIV health care providers should be cognizant of patients' sexual health issues and seek to address any concerns or problems.
Our study had a number of limitations. Recall bias is a consistent problem in studies of this nature, which rely on self-report of recent sexual activity. There is a large body of literature that has explored improving validity and reliability of self-reported sexual activity (Durant & Carep, 2002; Shacham & Cottler, 2009 ). Use of three month recall of recent sexual activity was used in an attempt to overcome such bias. As our annual assessment was conducted during outpatient clinic attendances, we were constrained by time and did not collect data on perceived stigmatization or levels of knowledge regarding HIV/STD prevention strategies, as well as other potentially influential factors related to condom use. We were also limited by absent data on bacterial STD testing on 16% of our cohort. Lastly, testing of rectal or oral samples for chlamydia or gonorrhea was not done routinely in our clinic setting and we may have missed infections there.
In summary, older HIV-infected individuals are less sexually active than middle-aged and younger counterparts but share a number of HIV transmission risk behaviors and are demonstrably at risk of acquiring STD. Higher rates of viral suppression among this older group, however, may reduce HIV transmission risk in those using condoms inconsistently (Quinn et al., 2000) . There is a continued need for intervention efforts to occur at all ages among individuals living with HIV/AIDS.
